ABSTRACT While use of mass rearing systems improved poultry production, chances of exposing to contagious diseases have been increased, making flocks more vulnerable to diseases. Diseases of interest which affects egg production adversely include Low pathogenic avian influenza (LPAI), Infectious bronchitis (IB), Avian meta-pneumoviral infection (aMPV) and Egg drop syndrome'76 (EDS'76). This report collected and analyzed 5,385 serum samples, which were collected from 1,330 different chicken flock, provided by Chungbuk National University, Avian Disease Laboratory at 2009. Serums were analyzed based on rearing stages; 0∼1.3weeks (wks) (maternal antibody period), >1.3∼3 wks (starting period), >3∼10 wks (growing period), >10∼22 wks (developing period), >22∼40 wks (peak laying period), >40∼60 wks (late laying period) and over 60 wks (post-molting period). Results showed the 99.7% of the tested flocks were immunized against ND and73.8%, 97.1%, 78,2% and 78% of the flocks were immunized against other 4 agents (LPAI, IB, EDS'76, aMPV). Maternal antibody was transferred to enough quantity for NDV. Generally, antibody titers which were developed at 22 weeks were stabilized permanently for life. In case of IB and aMPV, infection titer emerged as early as 10 weeks and the titer was increased from 99.4% to 100% for life. EDS76 showed increase in titers, reflecting decreased frequency of vaccination programs. Overall, this study displayed general trends of major viral disease in layers, but considering the trend of development of preventive measures and evolution of pathogens, conducting serological surveys on a regular basis is important.
INTRODUCTION
High-density livestock rearing systems largely improved poultry production of production performance in poultry industry, but made the flocks more vulnerable to contagious diseases (Alexander, 2007; Capua and Marangon, 2000; Linaker and Smedley, 2002) . In order to manage effective mass production systems, it is strongly required to invest heavily in disease controlling/ surveillance system. In layer and breeder flocks, which chickens are periodically bred for a long time, serologic tests are actively conducted to monitor flock health and to evaluate the efficacy of vaccine programs (Saif et al., 2011; Sharma, 1999) . Diseases which have negative effect on egg production and requiring extensive management include: Low pathogenic avian influenza (LPAI), Infectious bronchitis (IB), Avian meta-pneumoviral infection and Egg drop syndrome' 76 (EDS'76) (Lee et al., 2010; Mo et al., 2003; McFerran, 1979; Song et al., 1998; Sugiyama et al., 2006) . On the other hand, the diseases which affects the immune system such as Chicken infectious anemia (CIA) and Infectious bursal disease (IBD) are also regarded as key diseases for monitoring because of their ability to undermine vaccine efficacy (Boer et al., 1994; Lee et al., 2010; Kibenge et al., 1988; Otaaki et al., 1988; Otaki et al., 1988) . Despite the abundance of serologic tests, only limited comprehensive analysis of the results has been conducted. The majority of the serologic surveys in Korea have been conducted on breeder focusing on trans-ovarian transmission disease such as salmonellosis or mycoplasmosis (Lee et al., 2010) . In case of layers, despite their importance layers in Korean poultry industry, serologic studies on layers have been limited even compared to breeders. Thus previous serologic studies conducted on layers were limited to a mere part of poultry industry (Lee et al., 2003; Pak, 2009; Woo and Park, 2008) not including detailed information of change of antibody titer (Pak, 2009 ). This discrepancy seems to occur from the absence of effective management of serologic data and wellestablished criteria. Recently, studies on major viral diseases in layers using serologic survey methods were published (Lee et al., 2010) . This study analyzed 5,385 serum samples collec- 
Serological Tests

Data Analysis
All serological data were analyzed using Excel 2000 (Microsoft Corporation, USA) and sero-prevalence, geometric mean titer, coefficient variant and SD value was calculated and the tendency by age was compared. In analysis of sero-prevalence, confidence interval was calculated only during analysis of overall age range due to the lack of data on population of for each week. 
Observation of the Changes of Antibody Titers by Age
The serum antibody detected at 0∼1.3 wks was regarded as being passively derived from breeder flocks. The lowest geometric mean was observed at >1.3∼3 wks, which reflects the phenomenon of declining of maternal antibody in serum.
The geometric means rebounded at >3∼10 wks as a reflection of sero-conversion by vaccination or viral infection. There were 2 notable trends in change of antibodies observed at 22 wks, which is the period of egg laying and end stage of the vaccine program. One is that the geometric means developed at 22 wks were stabilized permanently for life; the other was that the geometric means continued to increase for life. The geometric means of AI, ND and EDS'76 were accorded with earlier type, stabilized for life, and those of IB and aMPV were accorded with the later, increased for life.
The coefficient variation (CV) was calculated to predict the degree of dispersion. Values less than 30% were regarded as reflection of low dispersion. CV value was lowest in ND compared to any other agents analyzed in this study. Except at >3∼10 wks, the coefficient variation for ND was lower than 20%.
The ELISA Titers of Specific Antibodies of Individual Birds against IB Virus
In case of IBV, the detection of infection titer indicates the infection of the flock regardless of geometric means. Thus, to estimate the scale of field infection, individual titer should be considered when analyzing IBV antibody titers. Fig. 1 presents the ELISA titers of individual birds by age. Titers higher than 12,000 was regarded as reflection of field infection in flock. Infection titer emerged as early as 10 weeks and the titer permanently remained for life. Considering that the upper threshold of vaccine titer did not exceed 6,000 in previous report (Lee et al., 2010) , initial infection by IB field strain proper interpretation of data. Based on these factors, we can categorize diseases into two types; the diseases which can be controlled effectively by implementing frequent vaccination programs and the diseases which could not be controlled Table 1 shows the number of farms used in this study.
LPAI and ND appeared to belong to the previous type, effectively controlled type, of the diseases. In case of LPAI, the initial rise of titer was consistent with the period of first vaccination (3∼10 wks), which was conducted following the popular conventional LPAI vaccine program in Korea (Lee et al., 2010) . However, it is not clear if humoral immunity organized at 0∼1.3 wks can effectively protect flocks against LPAIV. CV was lower than 30% in case of LPAI and 20%
for ND which means that the antibody titer against these two diseases was formed uniformly. In case of ND, the tendency is more prominent as vaccination is conducted more intensively than any other disease. The amount of antibody detected at 0∼1.3 wks (Table 3) In previous studies (Lee et al., 2010) , it was proved that the ELISA antibody titer of IB developed by vaccination could not exceed 7,000, so infection titer exceeding 12,000 means exposure to field viruses. According to the data, the field infection started as early as 10 weeks and the agent was reintroduced continuously for life. Flocks with 100% positive bird rate against IB also found around 10 weeks such as 99.4% at 10∼22 weeks old of age. In case of aMPV, the result was consistent with previous studies which reported high prevalence of aMPV in layers and broilers (Park et al., 2011) . In this study, the positive ratio were observed at high levels (>60%) and every flock over the age of 40 weeks had developed antibody against aMPV (Fig. 2) . Overall CV of aMPV was higher compared to other diseases in each age group while there was no apparent pattern by change.
However, it was difficult to interpret the change of titer due to wide variation among data and scarcity of information on
aMPV. These results demonstrate the abundance of aMPV infection but detailed analysis is still required to verify clinical significance.
In case of EDS'76, it was difficult to determine the disease into specific categories due to the scarcity of samples. weeks. It could be also observed that GMT value of LPAI did not drop after 40 weeks in this study, implying the possibility of increase in the frequency of revaccination against LPAI after sixty weeks.
In conclusion, this study displayed not only general trends of major viral disease in layers, but put occasional events in account which occurred at 2010. Considering the trend of development of preventive measures against major viral diseases and the evolution of agents of interest, implementation of regular annual serologic analysis are critical for accurate interpretation.
